The Australasian Anopheles annulipes complex contains at least ten sibling species, some of which are important vectors or myxomatosis in rabbits. We aimed to establish how many species occurred among specimens from 61 sites throughout Australia, scored for 32 putative allozyme loci. We compared the number or species predicted from treebased clustering or operational taxonomic units (OTUs) with that from a novel model-based Bayesian clustering approach ror individual genotypes. We rejected the hypothesis of conspecificity of OTUs if they differed by at least 20% fixed differences and 0.300 Nei's standard genetic distance D. According to these criteria, 18-25 species occur, making this the most species-rich anopheline complex known to date. A conservative estimate from the Bayesian analysis was 15-20 species. There was large overlap in the assignment of individuals to clusters inferred from the Bayesian and tree-based analyses. The genetic clustering ofnorlhern and southern distributed species and an apparent cline in alleles of the enzyme glucose phosphate isomerase suggest that a latitude-dependent factor, such as temperature, may have played a role in speciation and the subsequent distribution ofspecies. Ecological niche modelling of clusters predicted that none occur in New Guinea, emphasizing that additional, as yet unsampled, species may occur.
INTRODUCTION
Anopheles annulipes s.l. Walker (subgenus Cellia, Neomyzomyia series) is the most ubiquitous anopheline in Australia and also occurs in New Guinea (Lee et al., 1987) . Anopheles annulipes s.l. has been implicated in past malaria outbreaks in Australia (Black, 1972) , is the most important vector of myxomatosis in many areas of Australia (Fenner & Ratcliffe. 1965; Parer & Korn, 1989) , and a number of other arboviruses have been recovered from this taxon (Russell. 1995) . This taxon exhibits extensive morphological variation that has resulted in various taxonomic interpretations; five names have been syn-*Corresponding author. E-mail: foleydes@si.edu onymized under An. annulipes (Anopheles musivus Skuse, Anopheles mastersi Skuse, Anopheles perplexus Taylor, An. perplexus var. persimilis Taylor, and Anopheles derricki Taylor). Cross-mating evidence and polytene chromosomal typing suggest that An. annulipes s.l. is composed of at least ten sibling species, seven of which were given the letter designations A to G (Booth & Bryan, 1986) . At least two of these chromosomal types (sp. A and sp. G) do not interbreed in nature (confirming their status as biological species) and have different ecologies (Bryan et al., 1991; Foley & Bryan, 1991a, b; Foley. Barnes & Bryan. 1992) . A phylogeny of Australasian anophelines, including four species of the An. annulipes complex, based on sequences of the cytochrome oxidase subunit II gene, suggests that the An. annulipes complex is Report Documentation Page monophyletic (Foley et ai., 1998) . The delineation of species boundaries is fundamental to any further study of this taxon, and past studies will have to be reassessed in the light of its multispecies status.
Detection of mixtures of species of sexually reproducing organisms in sympatry is possible through the observation of fixed differences in codominant genotypes, which indicate assortative mating. According to the phenetic approach, a predetermined value for interand intraspecific genetic distance is applied to genetic distances between operational taxonomic units (OTUs) from allopatric sites to determine the number of putative species. Various clustering approaches for OTUs are available, including treebased methods such as the unweighted pair group method of analysis (UPGMA) and Neighbour-joining (NJ) (Saitou & Nei, 1987) .
By contrast, a Bayesian approach, as implemented in the program STRUCTURE 2.0 (Pritchard, Stephens & Donnelly, 2000) , analyses individual genotypes, by estimating the likelihood of an individual's membership among each of a predefined number of clusters (lD. Ideally, estimates of the posterior proba" bility, In(1O (Evanno, Ragnaut & Coudet, 2005) , plateaus with increasing K once the real number of groups is reached (Pritchard & Wen, 2003) . When this occurs, the K that matches the real number of groups is often the lowest of the likelihood scores in the plateau (Pritchard & Wen, 2003) . STRUCTURE normally has been applied to questions ofintraspecific structure (Rosenberg et al., 2001) but D. H. Foley (unpubI. data) showed that this approach successfully identified the correct number of species among a group of simulated genotype data, and actual allozyme data for ten species of the An. punctuiatus complex (Foley, Cooper & Bryan, 1995) . This Bayesian approach shows promise as a new method for determining the number of species among a group of genotypes.
We collected allozyme data for An. annuiipes s.l. from locations around Australia to estimate the number of species using the model-based Bayesian approach and the tree-based UPGMA and NJ clustering methods. The results obtained suggest that far more species occur in the An. annulipes complex than was previously suspected.
MATERIAL AND METHODS

MOSQUITO COLLECTIONS AND IDENTIFICATION
Mosquitoes were collected between the early 1980s to the mid-I990s, either as larvae that were reared to adults or as adults from CO 2 -baited light traps or from human landing catches (Table 1) . Adult females were identified as An. anmdipes s.l. using the morphological keys of Lee et al. (l987) , and specimens were stored at -80 ac. Specimens identified on their chromosomes as An. annulipes sp. A and sp. G were included from Mildura, Victoria (VIC) and Griffith, New South Wales (NSW), respectively. Specimens from Homebush, Termeil State Forest, and Lord Howe Island, NSW were identified on chromosomes as sp. C. Chromosomally-typed specimens from Mataranka, Northern Territory (NT), from the study of Booth & Bryan (l986) , were also included. ALLOZ)'ME ELECTROPHORESIS Cellulose acetate (CA) allozyme electrophoresis was carried out as described previously (Foley et al., 1993; Foley, Meek & Bryan, 1994 8,10,17 4,9,12,14 5,12,16,17 1,7,19 ""
OTU occur sympatrically (Richardson, Baverstock & Adams, 1986 ). If no evidence for assortative mating was obtained then all specimens from a site were regarded as belonging to the same OTU, unless they differed by greater than three fixed differences, in. which case specimens were treated conservatively, 8S separate OTUs. The percentage ofloci for which OTUs do not share alleles [the percentage offixed differences (%FD) between OTUs] and Nei's standard genetic distance D, corrected for small sample size (Nei, 1978) , were calculated using the program BIGMAT (M. Adams, unpubl. data). For samples that were not scored for all enzymes, Nei's D and %FD were calculated from the data available. In addition to an Australia-wide analysis, regional analyses were performed for Queensland (QLD), NSW plus Tasmania (TAS) plus VIC and Western Australia (WA) plus NT.
Operational taxonomic units were regarded as separate species when they differed by at least 20%FD and/or 0.300 Nei's D. These levels of genetic divergence are based on those for the Australasian An. punctulatus complex in which the upper limits of intraspecific variation was 18%FD and 0.368 Nei's D (Foley et al., 1993) . However, this level was inflated by one aberrant comparison (OTU 27 and 31) of the 146 intraspecific comparisons in their study (Foley et al., 1993: table 3) . Its removal reduces the level of intraspecific variation to 0-14% and 0.007-0.267 Nei's D. Foley et ai. (1994) found that fixed differences within OTUs of the An. punctuiatus complex in the Solomon Islands were never more than 12% and 0.169 Nei's D (Foley et al., 1993: table 2) . Thus, the levels of genetic divergence used in the present study for determining whether the hypothesis of conspecificity is rejected are conservative; separate species can differ by less than these levels and remain undetected but it is unlikely that groups that differ by more than these levels are conspecific.
Genetic distances were clustered using the UPGMA and NJ algorithms in MEGA, version 3 (Kumar, Tamura & Nei, 2004) . The UPGMA assumes that the rate of evolution has remained constant throughout the evolutionary history of the included taxa, and thus a rooted tree is produced. The NJ method (Saitou & Nei, 1987) produces an unrooted tree because it does not require the assumption of a constant rate of evolution. MEGA provides an option of a linearized version of the NJ tree, which assumes a constant rate of evolution. The number of species was estimated by inspection of the UPGMA and linearized NJ trees.
Alternative UPGMA trees can be produced from the same data by different computer programs and because ofdata input order effects (i.e. ties) (Backeljau et al., 1996) . By comparison, the NJ algorithm does not force sister OTUs to display equal branch lengths and tie trees are rare for this method (Takezaki, 1998) . A measure of the robustness of trees was obtained by the program TFPGA 1.3 (Miller, 1997) , which can produce Bootstrap values (l00 replicates) for UPGMA trees based on Nei's D (Nei, 1978) corrected for small sample size. For convenience, bootstrap values were displayed on a tree produced in MEGA rather than TFPGA because the latter can draw UPGMA dendrograms incorrectly if there are tied trees (Miller, 1997) .
MODEL-BASED ANALYSIS
We ran STRUCTURE with the non-admixture model of ancestry plus the option of uncorrelated allele frequencies, and the admixture model plus the correlated allele frequency option. The former settings are appropriate for very discrete populations (Pritchard & Wen, 2003) . Although the non-admixture settings appear a priori to be most appropriate for species level comparisons, D. H, Foley (unpubJ. data) found that the admixture settings resulted in better estimates of the correct species number. The non-admixture model assumes the allele frequency of each population is an independent draw from a distribution specified by A., which for the Australia-wide analysis was estimated to be 0.4183 for K = 1 and was fixed at this level thereafter, as recommended in the STRUCTURE manual. For the admixture model, A. was set to one, as the manual advises. Bum-in was set at 10 000 and Markov Chain Monte Carlo at 50 000 for at least ten replicates up to K = 40. In addition to an Australia-wide analysis, regional-based analyses were performed for QLD, NSW plus TAS plus VIC, and WA plus NT.
As the STRUCTURE algorithm sometimes converges towards modes of much lower likelihood (i.e. multimodality of Pritchard & Wen, 2003) , we followed the method for identifying and replacing outliers as proposed by D. H. Foley (unpubl. data) . Briefly, we characterized the degree of asymmetry of the distribution of replicate In(K) values around the mean for a given K, using the Skewness function in Microsoft Office Excel 2003 (Microsoft Corp.) . Skewness values less than -1 were identified and the lowest In(K) values removed until skewness was greater than -1. The scatter of the points was inspected and if sharply defined multiple modes were present, the lower probability points were removed. We calculated the ad hoc quantity (MO (Evanno, Regnaut & Coudet, 2005) to assist the identification of the actual number of groups. Evanno et al. (2005) used the height of the modal value of I::J( as an indicator of the strength of the signal detected by STRUCTURE.
Under admixture settings, an individual was assigned to a cluster if its membership value for that cluster was~0.500, if the value was less than 0.500, the individual's assignment was treated as unknown.
DISTRIBUTION MODELLING
The potential distribution of clusters identified by the STRUCTURE analysis was predicted using BIOCLIM (Nix, 1986) in DIVA-GIS 4.1. BIOCLIM attempts to identify suitable and unsuitable areas or 'niches' in which the organism could occur based on the climatic and ecological features of the sampled data points. The BIOCLIM model was implemented using the True-False option and the WORLDCLIM 2.5-min resolution database of 19 bioclimatic variables (i.e. annual mean temperature, mean monthly temperature range, isothermality, temperature seasonality, maximum temperature of the warmest month, minimum temperature of the coldest month, annual temperature range, mean temperature of the wettest quarter, mean temperature of the driest quarter, mean temperature of the coldest quarter, mean temperature of the warmest quarter, annual precipitation, wettest month precipitation, driest month precipitation, precipitation seasonality, wettest quarter mean precipitation, driest quarter mean precipitation, coldest quarter mean precipitation, and warmest quarter precipitation).
RESULTS
A total of 366 specimens of An. annulipes s.l. from 61 sites (Table 1) were subjected to electrophoresis. Samples were scored for up to 32 putative allozyme loci (i.e. Aeon-I, Acp, aAmy, Enol, aGpd, Gpi, Hbdh, Hk·2, Ldh, Odh, PepD·I, PepD·2, Pgm, Pk, and Thdh) containing up to nine alleles. Individuals of An. annulipes s.l. sorted into 152 OTUs (Table 1) and the genetic profile of groups of OTUs that differed by less than 15%FD are shown in the Appendix.
Outgroups comprising other species within the subgenus Cellia from Australia (Le. An. farauti, An. torresiensis, An. hinesorum, Anopheles amictus Edwards, Anopheles hilli Woodhill & Lee, Anopheles meraukensis Venhuis, Anopheles novaguinensis Venhuis) formed a cluster separate to An. annulipes s.l.
(data not shown). This suggests that An. annulipes s.l. is monophyletic and confirms that specimens were correctly assigned to this taxon. Figure 1 shows the NJ tree of %FD. The UPGMA of Nei's D (Fig. 2) resulted in three tied trees and all of the 100 bootstrap trees resulted in tied trees. Misleading results are likely when tied trees exist and when a high proportion of bootstrap replicates result in the formation of tied trees (Backeljau et al., 1996) . The presence of tied trees and the observation that most branches had low bootstrap support (Fig.2) indicates that alternate topologies exist to the topology of the tree shown here.
STRUCTURE ANALYSIS
Only 28 loci were included in the STRUCTURE analysis of Australia-wide data; Got-I, Hk-l, Hk-2, and Hk·3 were excluded because ofa lack of variability. The output for the admixture and non-admixture settings is given in Figure 3 . The strongest peaks in M( for the admixture model were for K = 2, followed by K =4, K = 7 and then K = 20. Mean !n(K> starts to plateau between K =15-20, which suggests that any structure identified by LV( below this level is spurious or due to supraspecific structure. Maximum In(K) was between K = 20-25, with the lowest maximum In(K) (Le. highest probability) score for the entire admixture modelling at K = 25. High variation in In(K) beyond K =25, even with outlying low likelihood scores removed, makes it difficult to discern the extent of the plateau. The strongest peak in LV( for the non-admixture model was for K =2 followed by K = 7, and then K = 12. Mean and maximum In(K) did not plateau but continued to increase up to K = 40, the highest K analysed. D. H. Foley (unpubl. data) found that the admixture settings resulted in a stronger species signal (e.g. height ofM(), and the lack of a plateau for non-admixture settings in the present study confirms that the admixture settings are more appropriate for complex allozyme data sets.
The distribution of clusters among the sample sites for K = 15, 20 and 25 under the admixture settings is shown in Table 1 and Figure 4 . In many locations, the numbers of clusters did not change with increasing K;
for example, the number of clusters at Clark River remained at 4 regardless ofincreasing K from 15 to 25 (Table 1) . In other cases, the number of clusters increased or (more rarely) decreased with increasing K. The results from the STRUCTURE analysis for K = 15-25 indicated that most (> 94%) OTUs were assigned to one or other cluster but that the numbers that were split among different cluster were slightly higher for non-admixture than admixture settings. The number ofspecimens that could not be assigned to clusters increased with K (for K = 15, 20 and 25) and was greater for admixture (N = 8, 17, 17) than nonadmixture (N =5, 11, 7) settings. Table 2 shows the number of species estimated from the tree-based analyses using the 20%FD and 0.300 Nei's D levels for rejection of conspecificity. The number of species is in the range 18-25 for the Australiawide analyses. The Nei's D intraspecific threshold resulted in a more conservative estimate of species than did the %FD threshold. The NJ algorithm was more conservative than UPGMA, especially for %FD.
NUMBER OF SPECIES
The numbers of clusters that occur in geographical regions within Australia are also shown in Table 2 151 68 t::r"" suggests that the number of species is higher at K = 20-25. The reason for this discrepancy is not known but may be attributable in part to the larger and more complex Australia-wide data set compared with those for subregions. Thus, a conservative esti-mate of the number of species from the STRUCTURE analysis is 15-20. The lower number is equivalent to 25%FD and 0.310 Nei's D; higher than the intraspecific threshold indicated by the An. punctulatus group data.
DISTRIBUTION
The geographical distribution of the K =15 clusters is shown in Figure 4 i ·13000 150 a ·15000 100 ·17000 50 ·19000 +rr;...,tt~oA-r'l"r'r'l"l"l"'I'Ho"""'I'\"l4'1"l¥~"""I'A"r+ 0 1 6 11 16 21 26 31 36 K 1 6 11 16 21 26 31 36 put from the BlOCLIM true-false ecological niche model. The number of input locations for some clusters was very low and the predicted distribution is not shown for these. For presentation purposes, clusters whose predicted distribution was of limited geographical extent also are not shown. For example, cluster 7 was predicted to occur only in isolated points along coastal northern NSW and southern QLD, and cluster 13 along coastal south and central NSW and eastern VIC. Although New Guinea was included in the area encompassed by the modelling, no clusters were predicted to occur there.
(e.g. genotype 1,2 is shown as 1.5). Only three genotypes were hybrids of nonconsecutive mobility alleles and are not shown. A clear trend from slow mobility alleles in the north to fast alleles in the south can be seen. Individuals are shown in Figure 5 according to their membership of K =2 clusters from the STRUCTURE analysis under admixture settings. Specimens of cluster 1 are more likely to occur in the north and have slow alleles whereas specimens of cluster 2 are more likely in the south and have fast alleles.
ALLOZ)'ME VARIATION
The distribution of genotypes of Gpi according to latitude (decimal degrees south) is shown in Figure 5 . Alleles 1-4 are shown on the y-axis, in order of mobility, with the slowest allele numbered '1'. Hybrids of consecutive alleles also are shown
DISCUSSION
The present allozyme study attempts to determine how many species may occur within the An. annulipes complex by comparing tree-based approaches for clustering OTUs with a model-based Bayesian approach for clustering individual genotype data. Recently, a \j 't) '\j shown on the y-axis, in order of mobility, with the slowest allele numbered 'I'. Hybrids of consecutive alleles are also shown (e.g. genotype 1,2 is shown as 1.5).
reanalysis of allozymes of the An. punctulatus group using the Bayesian clustering approach implemented in the program STRUCTURE successfully identified the correct number of species, suggesting a new approach for determining the number of species in a sample of genotypes (D. H. Foley, unpubl. data) .
Both the Bayesian and tree-based clustering approaches indicate that the An. annulipes complex contains more species than previously suspected. However, the Bayesian approach may be more reliable because the STRUCTURE algorithm was explicitly designed to overcome the limitations of genetic distance matrix-based methods, which lose information through collapsing genotype data for pairs of species into single numbers (Pritchard, Stephens & Donnelly, 2000) . The Bayesian approach also may give a more accurate estimate of species number than treebased approaches if the evolutionary history of An. annulipes s.l. is not well represented by a bifurcating tree.
For tree-based methods, the Nei's D species cut-off values gave more conservative estimates of species number than %FD. The frequency of tied trees and the amount of OTU clustering inconsistency between UPGMA and NJ trees should be higher if the algorithm (especially UPGMA) is forced to display OTUs that differ by the same amount. The average %FD for OTUs in the Australia-wide analysis was 22.23 ± 10.85, compared to 49.3 ± 22.06 for the An. punctulatus group calculated from the data set of Foley et al. (1995) . This difference probably reflects the greater evolutionary divergence and accumulation of interspecific allozyme differences within the An. punctulatus group compared with species within the An. annulipes complex. The narrower range of genetic distances in the Australia-wide analysis of the An. annulipes complex may have inflated the estimates of species number compared to those from separate analyses of geographical subregions.
The present study uses a phenetic rather than a phylogenetic approach to species delineation. We assume that historical and contemporary gene flow between individuals of a species will limit genetic divergence within species compared with divergence between most species. This species signal can be seen most clearly in sympatric locations by observation of a lack of hybridization indicating the presence of two or more species. For comparison of allopatric mosquito populations, assortative mating cannot be observed but genetic divergence can be measured and individual genotypes clustered accordingly. All of the previously recognized sibling species of An. annulipes s.l.
included in the present study cluster as separate species according to the tree and model-based approaches. Thus, we assume that the species-level clusters that we identify represent real biological species that will not hybridize in sympatry and have independent evolutionary histories, and possibly marked differences in biology and behaviour.
The present study suggests that at least 15-20 species are represented among the specimens analysed. Previous estimates, based on crossmatings and polytene chromosome analysis of a smaller number of specimens, suggested at least ten sibling species (Booth & Bryan, 1986 ). Anopheles annulipes s.1. appears to be the most species-rich anopheline species complex known to date; the Anopheles gambiae complex has eight species, and the Anopheles crucians, An. rarauti and Anopheles dirus complexes each have seven species (Harbach, 2004) .
The reason that An. annulipes s.1. has undergone such an extensive species radiation is unknown. Latitude-dependent variation was found for the Gpi locus of An. annulipes s.l. Populations of Colias butterflies with different alleles of Gpi vary in dispersal ability and fitness according to ambient temperature and elevation (Watt et al., 2003) . Temperature in particular can influence the functioning of enzymes, which, in the case of Pgm and the yellow dung fly Seathophaga stereoral'ia (L.), may determine the outcome ofsexual selection (Ward, Jann & Blankenhorn, 2004) . The apparent cline in Gpi for the An. annulipes complex suggests a similar influence of temperature on distribution. STRUCTURE analysis can detect supraspecific phylogenetic groupings (D. H. Foley, unpubl. data) and the high AK for K = 2 suggested two clades within the An. annulipes complex. The STRUCTURE analysis and the geographical distribution of OTUs according to tree-based clustering suggest that An. annulipes s.l. is composed of a similar number of northern and southern species. Thermal, or some other latitude-dependent adaptation, may have had an important role in speciation and the subsequent distribution of the An. annulipes complex. Foley, Russell & Bryan (2004) noted that north Australian Ochlerotatus notoscriptus (Skuse) also possessed unique slow mobility alleles of Gpi.
The identity ofsome specimens was suspected based on reports of the geographical distribution of chromosomally identified forms. In 1977, C. A. Green (unpubl. data) identified sp. A, sp. B, sp. C, and sp. D from sites throughout Australia based on chromosomes. Booth, Green & Bryan (1987) showed a distribution map of chromosomally identified species for Australia (Booth et al., 1987: fig. 3 ). Anopheles annulipes sp. A or sp. G were suspected from Griffith and Hanwood, NSW based on the allozyme study of Foley & Bryan (1991a) . From the chromosomal identity and distribution of K = 15 clusters, the tentative identification of species is: An. annulipes sp. A = cluster 3, sp. a = 8, sp. C =13, sp. 0=1, sp. E=15, sp. F=7, sp. G=2, and Mataranka chromotype =12. The distribution of the 20 clusters identified by the STRUCTURE analysis and the matching of clusters with chromosomal types reported in the present study is largely concordant with the reported distribution of these types, although important differences occur. C. A. Green (unpubl. data) and Booth & Bryan (1986) reported sp. A from the type locality (TAS) but we found only one cluster (18) in 15 specimens from four sites in TAS, which did not match sp. A (clusters 10 and or 14). Further sampling within TAS may reveal the presence of more sibling species. Liehne (1991) states that An. annulipes sp. D is found in northern WA. Specimens from Alice Springs, NT that conformed to his description of this species were included in the molecular phylogeny of Foley et al. (1998) . However, the allozyme cluster that is most common in northern WA was not found in Alice Springs. It is possible that An. annulipes sp. D occurs in Alice Springs but was not sampled in the present study or that the specimen used by Foley et al. (1998) was another, as yet undetermined, species.
From the distribution of clusters, the syntypes from Sydney could have included sp. C, sp. E, and cluster 18. Although the localities of the other syntypes (i.e. Adelaide River, NT and Irvinebank, QLD) were not sampled, specimens from nearby sites indicate that a number of clusters are candidates. Inferences about the identity of types will be problematic, especially for the Sydney specimens, due to the amount of environmental modification at the site and lack of details about the Sydney and Tasmanian locations.
The predicted distribution of each ofK =15 clusters did not extend to New Guinea despite the presence of An. annulipes s.l. there. It is likely that An. annulipes s.l. in New Guinea consists of sibling species that were not sampled in this study. The presence of sp. C on Lord Howe Island is likely to be the result of an introduction from populations from coastal NSW.
The ecological niche modelling conducted in the present study was an attempt to gain insight into gross differences in the potential distribution of sibling species of An. annulipes s.1., and not to comprise a definitive prediction of distribution. A better assessment of potential distribution will require greater sampling, preferably of molecular-typed specimens, and a statistical treatment of the reliability of distribution models, as is available in the modelling procedure Genetic Algorithm for Rule Set Prediction (Stockwell & Noble, 1992) available in the DESKTOP GARP software.
Anopheles annulipes s.l. is the most important vector ofmyxomatosis in many areas ofAustralia (Fenner & Ratcliffe, 1965; Parer & Korn, 1989) , and the possibility of more than one biological form of An. annulipes has been suggested to explain geographical differences in the ability of the myxoma virus to control rabbits (Fenner & Ratcliffe, 1965) . Although an epidemiological assessment of the role in myxomatosis transmission of the different sibling species will have to wait a more detailed survey, some preliminary observations can be made. Lee, Clinton & O'Gower (1954) noted that An. annulipes s.l. from river tlats at Merbein, VIC predominantly fed on rabbits despite the rabbit population having been decimated by myxomatosis. As Merbein is near Mildura, VIC where An. annulipes sp. A was identified, it is likely that this species was among those surveyed by Lee et al. (1954) . Fenner & Ratcliffe (1965) matched the presence of An. annulipes s.l. with an epizootic of myzomatosis at Yarram, VIC and, according to our study An. annulipes sp. E occurred close to this site.
Additional cryptic species may await detection. For example, although a form of annulipes with a black proboscis is known (e.g. An. musivus), such specimens may have been omitted from our sample as they could be confused with other species of the subgenus Cellia. Missing data and genotyping errors are likely to have contributed to the complexity of the data set, which could have affected estimates of species number. For example, although critical side-by-side comparisons of bands (i.e. line-ups; Richardson et al., 1986) are possible with the electrophoresis system used in the present study (Foley, 1990) , the number of line-ups was limited by the amount of sample that could be obtained from one mosquito. For the input to STRUC-TURE, 10.8% of data were missing. However, despite a higher level of missing values, D. H. Foley (unpubl. data) was able to reveal the correct species composition of the An. punctulatus group, suggesting that the Bayesian approach is robust and reliable. The low branch support and the presence of tied trees found in the present study indicate that alternative topologies exist, but the approximate agreement in species num· ber estimated by model and different tree-based approaches suggests that this estimate is relatively unaffected by branch instability.
Recently, molecular markers have replaced aUozymes for population and species studies. However, the Bayesian approach used in the present study offers a new and powerful way for analysing multilocus genotype data, including DNA-based and allozyme data. APPENDIX Table At . Allelic composition and numbers of specimens in 47 clusters of Anopheles annulipes s.l. comprising operational taxonomic units that exhibit less than 15% fixed differences from one another (Got·I, Hk·I, Hk;2 and Hk·3 not shown due to lack of variability) ab ab 8 13 13 13 11 13 13 7 13 13 13 13 6 13 13 10 10 12 13 13 13 12 13 13 13 12 13 13 12Ĩ n 1 =Aeon-I; 2 =Aeon-2; 3 =Acp; 4 =Ak·2; 5 =Fdp-2; 6 =peal·I; 7 =peal-2; 8:: Got.2; 9 = aGpd; 10 = 6-Gpd; 11:: 
